Article Info Received : 19.11.2013 Accepted : 13.03.2014 To create a rational nitrogen fertilization plan, a mass nitrogen (N) balance was used for the main crops of Turkey. The following components are included in the suggested N fertilization plans: the quantity of N fertilizer which is required by the crop for a targeted and sustainable yield, nitrogen inputs available to the crop without fertilization, nitrogen losses mainly due to nitrates leaching and emissions to the atmosphere. This simple equation was transformed to a more detailed one and fertilization plans are based on the total N required to produce a crop of a targeted yield, N mineralized from Soil Organic Matter (SOM), the residual plant available inorganic N before sowing or planting, input of nitrogen from rainfall and losses through leaching and emissions. This work is based on available data and is an open sheet balance which can be easily used by local authorities. Decreased N fertilization can be applied without significant yield reduction and this can be explained by increased N use efficiency, as a result of proper time of application and splitting of N fertilizers in doses. This model can be appropriately adapted according to site-specific conditions, whilst new parameters can be added to improve precision of the performed calculations.
Introduction
It has been documented that irrational or excessive use of N fertilizer can lead to nitrate pollution of ground and/or surface water. Water contains nitrates and when it is applied by irrigation to the soil can be taken up as the crop is actively growing. Analyses for nitrates nitrogen in water should be performed at certain time intervals to accurately calculate this factor. Soil testing to determine availability of inorganic nitrogen a few days before sowing or planting period along with other nutrients and the assessment of stored soil moisture is critical to selecting the proper rate of nitrogen fertilizer to match crop yield potential. The amount of mineralized nitrogen from soil organic matter (SOM) or manure is another important variable to be considered when recommending the quantity to apply to meet N needs of crops (Karyotis et al., 2002) . Climatic conditions play an important role in nitrogen fertilization because they affect a number of prossesses such as: nitrates leaching, mineralization, denitrification, ammonia volatilization etc. In Turkey the prevailling climate conditions are temperate, and the mountains topography results in significant differences from one region to other (Sensoy et al., 2008) . Taking into consideration the availability of data, this attempt is focused on nitrogen fertilization plans aiming to decreasing N fertilization, taking into account different soil conditions, inputs from irrigation and soil nitrogen processes in order to decrease losses for minimizing water pollution by nitrates. Fertilization plans are presented in this paper for the main crops cultivated in the climatic regime with a mean annual rainfall 500 mm/year.
Material and Methods
In order to calculate the required nitrogen per each crop, a Microsoft Office Excel 2007 spread sheet was compiled. This sheet contains a number of factors and the components can easily be adapted. This is necessary because in the future certain coefficients may be substituted by coefficients which may be derived from field experiments in various agricultural regions of Turkey. It must be underlined that in the absence of certain coefficients, values from pedo transfer functions can be derived and used. Similarly, coefficients can be used from respective values proposed by other Mediterranean Countries.
In order to create a rational nitrogen fertilization plan for the main crops of Turkey, the general components for N fertilization plans are included in the following formula:
where: Nf is the quantity of N fertilizer, Nreq is the total quantity of N required by the crop, Ninputs is the sum of N sources available to the crop without fertilization, and Nlosses are losses of N.
In reality, this apparently simple equation is quite complex because various environmental factors affect each of these three variables. The aforementioned equation can be transformed to the following which includes details of the main factors which play a key role on N fertilization. In other words, the fertilization plans are based on this equation: 
where: Nf is the quantity of recommended N fertilizer Nreq is the total N required to produce a crop of a given yield Nm is N released from crop residues and mineralized from SOM Nin is the residual plant available inorganic N Nr is the N input from rainfall Nl, Nd, and Nv are N losses through leaching, denitrification, and volatilization Nrunoff is the quantity of N lost by runoff in the sloping areas Nitrogen fertilization plans were compiled for the main crops of Turkey and one rainfall regime with annual rainfall 500 mm is included in this paper, out of four included in the respective report for the Implementation of Nitrates Directive in Turkey (Karyotis, 2012) . Also, 4 soil textural classes Table 1 were proposed and indicative examples concerning 3 levels of nitrates content from irrigation waters are included (10, 25 and 50 mg/l). Furthermore, 3 slope classes were proposed, namely 0-6%, 6-10% and 10-15% in order almost the whole cultivated land of Turkey to be included. The decrease of yield in slopes can be adjusted by using coefficients (Olson, 2000) . It is obvious that decreased yields need reduced N applications. So, the recommended N quantity for each slope class can be calculated by a proposed coefficient. Numerous of publications describe the impact of soil slope on crop yield reduction (FAO, 1976; FAO, 1985; Verheye,2008, etc.) . In this case, the required N per slope class is multiplied by the following coefficients: slope 6-10%-0.85 and slope 10-15%-0.77. These coefficients were derived after elaboration of data used in the report of Action Plan in Greece (Karyotis et al., 2002) . Taking into account the aims of the Nitrates Directive (676/91/EEC) for minimizing nitrates content, the recommended nitrogen fertilization must introduce amounts of applied nitrogen in slopes according to decreased yields. Special attention must be paid to the designated nitrates vulnerable zones (NVZ) of Turkey. Figure 1 shows the NVZ of Turkey at river basin level (Panagopoulos and Karyotis, 2011) . (Table 1) is proposed for the soil textural classes. For each soil class, a factor concerning decreased biomass production was also used, which is -30%, -20%, -10% and -10% for the respective Soil Classes I, II, III and IV. The needs of crops for irrigation water were also provided by the competent authorities of the Ministry of Food, Agriculture and Livestock of Turkey. In the absence of sufficient data concerning field experimentation on nitrates leaching in the main soil classes and rainfall regimes, pedotransfer functions were used. It is suggested this kind of experiments to be conducted in the most intensified agricultural areas of Turkey. Also, functions were used for other N inputs and losses such as N input from rainfall, or N2O emissions, denitrification and ammonia volatilization. Furthermore, coefficients were proposed for slope classes 6-10% and 10-15%, for recommended quantity of N in each crop. In the absence of data concerning net nitrogen mineralisation rates in various soil types, results from studies under field conditions must be taken into account. Soil textural classes are needed to determine the appropriate fertilisation dose for the prevailing crops of Turkey. Nitrate concentration in the irrigation water, nitrogen uptake by plants for optimum yield, nitrogen losses (leaching, emissions), residual nitrogen, the amount of nitrogen mineralisation, and the inherent soil fertility must be taken into consideration. Surface and groundwater nitrate concentration data were provided by the MFAL and after statistical analysis were used in order the fertilization plan to be integrated. It is obvious that textural classes, slope classes and precipitation classes can be increased. For practical reasons, the aforementioned classes are limited and cover almost the whole agricultural areas of the climatic regime with a mean annual rainfall 500 mm/year. Thematic soil maps concerning detailed textural classes of cultivated soils will assist authorities in the future to apply more accurate fertilization plans. The values for yield, total requirements for nitrogen and water (Table 2) provide an estimation and in the case of water should only be used if water needs cannot be calculated more accurately due to lack of data. This table gives for each crop a mean value for water requirements and these values are mainly based on field experiments conducted in Turkey (Soil, Fertilizer and Water Resources Central Research Institute, Ankara). Excess amount of applied inorganic nitrogen and manure was recorded in certain areas of Turkey. A digitized map was compiled and the river basins received high amount of nitrogen, are depicted in Figure 2 . The total N deposition (wet and dry) ranges from 1 to 2 kg N/ha/y for rural locations up to 30 to 70 kg N/ha/yr for regions that receive N from urban pollution and/or agricultural activities e.g., North Sea, NW Europe and NE U.S. (Howarth et al., 1996) . Nitrogen inputs from rainfall per year are likely to be in the order of 3-5 kg N/ha in drier environments (McNeill and Unkovich, 2007) and much higher in wet and polluted environments. A value 0.3 kg N/da/y was used concerning the amount of nitrogen from the rainfall regime which exceeds 500 mm/y. The use of synthetic and organic fertilizers enriches nitrogen to soils and increases natural emissions of N2O to the atmosphere. Nitrous oxide emissions from commercial fertilizer use can be estimated using the following equation: N2O Emissions = (FC * EC * 44/28) FC = Fertilizer Consumption (tons N-applied); EC = Emission Coefficient = 0.0117 tons N2O-N/ton N applied; and 44/28 = The molecular weight ratio of N2O to N2O as N(N2O/N2O-N).
The emission coefficient of 0.0117 tons N/ton N-applied represents the percent of nitrogen applied as fertilizer that is released into the atmosphere as nitrous oxide. This emission coefficient was obtained from the Agricultural Research Service of the U.S. Department of Agriculture (USDA, 1994) , and has been estimated that 1.84 kg N2O or 1.17 kg of N was emitted per 100 kg of nitrogen applied as fertilizer. If we take into consideration the average N/da suggested for the main crops of turkey, our calculations indicated that the mean amount of potential emitted N is 0.195 kg. Denitrification values are needed to calculate N mass balances because of high N inputs and agricultural soils are considered critical pools (David et al. 2006 ). In soils with good drainage, the median values were 29 kg N ha -1 when based on mass balance and 11 kg N ha -1 when based on core and chamber techniques. In this fertilization plan an average value 16.8 kg N ha -1 (equivalent to 1.68 kg N da -1 ) is suggested. This is the average value derived from 10 years experiments (David et al., 2006) in arable areas and seems to be at normal level. For arable land in temperate countries with large proportion of calcareous soils (e.g. Greece, Spain e.t.c.) a loss of 0.16 kg NH3 per kg applied N has been recorded (ECETOC 1994) . A coefficient 10% of the required N fertilization is used in the suggested fertilization plans. Nitrates leaching is a significant loss mechanism for some nutrients. Experiments carried out in a wheat field in Tokat (Turkey) showed that the quantities of nitrates leaching varied between 24.6 and 77.3 ka/ha (Ersahin, 2001) . Furthermore, computer models were used in Turkey to predict nitrates leaching beyond the root zone (Karaman et al., 2005) In the absence of experimental results concerning the N mineralization dynamics in various soil classes, the following values were used in the fertilization plans (Table 3) which are almost similar with values used in the proposed fertilization plans for Greece (Karyotis et al., 2002) . However, the establishment of field experiments for the assessment of net nitrogen mineralization is suggested in various soil classes of Turkey, in order more accurate values to be used. Five years data were used to calculate the residual N and average values varied between 11.2 to 11,7 kg N/ha/y (Dunn et al., 2004) . Residual nitrogen in arable land was higher and ranged between 30 and 60 kg N/ha/y and variability can be attributed mainly to agricultural practices. The values used for residual nitrogen in the arable soils of Turkey (Table 4) are mainly based on international literature and results from Mediterranean countries (Karyotis et al., 2006) . 6.0 Table 5 shows the effective root depth of common crops (FAO, 1998), and differences can be observed between irrigated and rainfed crops. The smaller values may be used for irrigated crops and the higher values for rainfed conditions in order to calculate the amount of nitrates leaching below the root zone. 
Results and Discussion
The main N fluxes include inputs from fertilizer, irrigation water (Table 6) , atmospheric deposition and manure, outputs including crop harvest, nitrate leaching, and denitrification, and the internal transformations of N consist of mineralization, nitrification, immobilization, and crop residue decomposition.
It is suggested to determine soil inorganic nitrogen content such as nitrates and ammonium before seeding or planting. A rational fertilization plan for nitrogen, it is important to include the preceding crop effect, i.e. how much nitrogen is left in the organic matter from the preceding crop. Long use of manure in the farm increases the nitrogen content in the soil, and this must be taken into consideration when planning. To reduce the nitrate leaching risk and to conserve water and fertilizer resources it is imperative to optimize the water and fertilizer application to match crop requirements. In Turkey, the crop requirements in water are not covered by rainfall in the growing periods of crops, especially in dry areas. The net irrigation requirement in a normal year varies greatly and the exact irrigation requirements can be calculated taking into account rainfall, crop rotation, and the specific climatic conditions in each region of Turkey. In this paper, coefficients of nitrates leaching (kg N/ha) were calculated (Table 7) per soil class of crops in rainfall regime 500 mm/year. In the absence of sufficient data concerning field experimentation on nitrate leaching in the main soil classes and rainfall regimes, pedotransfer functions were used (Table 8) . It is suggested this kind of experiments to be conducted in the most intensified agricultural areas of Turkey. In sloping areas, drip irrigation must be introduced and drip irrigation must be obligatory for farmers. In some other areas where most soils are saline or alkaline (i.e. SanliUrfa, Harran), a new land use planning is needed in order a more rational water management to be applied by using irrigation systems of new technology. Mitigation of nitrates can be achieved by switching furrow and sprinkler irrigation methods to drip irrigation in order to increase N use efficiency. The results for recommended amount of nitrogen in the proposed soil classes for the main crops in the rainfall regime 500 mm/year, with different content of nitrates in irrigation waters are presented in Table 8 for corn and Table 9 for cotton. Recommended nitrogen in four soil classes under the same rainfall regime (500 mm/year) and mean nitrates content in irrigation waters 10 and 25 mg/l respectively, are presented in Table 10 and Table 11 , for some major crops in Turkey. From the above tables it is clear that differences of nitrates content in irrigation waters play a significant role in the recommended amount of nitrogen in irrigated crops. Also, diagrams and close relations between recommended and required nitrogen in crops at various soil classes with different nitrates concentration of irrigation waters are presented in Figure 2 and Figure 3 . For more precise fertilization plans, soil textural classes can be increased by using detailed soil maps (1:20.000) and for practical reasons soil units can be grouped. This approach needs a recalculation of certain components of fertilization plans such as nitrates leaching, Nmin. etc. which are affected mainly by soil texture. In addition, it is useful to mention that best timing of nitrogen fertilization is to apply fertilizer as close as possible to the period of rapid crop uptake. This practice minimizes losses of N from the field, especially in regions with moderate to high rainfall (i.e. Black Sea region) and may ensure adequate N availability to the crop during critical growth periods. Spring soil sampling for nitrate determination can be useful for adjusting N fertilizer rate when there is a reason to suspect fairly high N availability from the soil, such as in fields which have been fertilized by manure. Crop rotation is also important. Nitrate that already moved below rooting depth of shallow rooted crops may be still evaluated by growing deep rooted crops in rotation. In addition, replacing furrow or wild irrigation with drop or sprinkler irrigation can reduce nitrogen leaching in a considerable degree. The rotation in arable crops and vegetables as well, is one of the most important factors for the maintenance of soil fertility. The particular soil conditions, crop history and climatic conditions should be taken into account for the formulation of a proper rotation program. Each region in Turkey has its own specific environmental balances associated with land use decisions and crop production practices. In areas with increased use of synthetic fertilizers, and decreased application of crop rotation schemes, serious problems with N pollution of water resources were recorded. 
Conclusions
The suggested nitrogen fertilization plans are based on a mass nitrogen (N) balance calculation and can be easily used for the main crops of Turkey. The proposed N fertilization plans are valid for certain soil conditions, topography, climate N inputs, outputs and targeted yield. Nitrogen inputs and outputs to soil system have been estimated or calculated, taking into account the availability of required data. The recommended amount of nitrogen in the proposed soil classes for the main crops varied significantly depending mainly on leaching, residual nitrogen before sowing date, mineralization and nitrates concentrations in irrigation waters. Our calculations showed that decreased N fertilization is required for a targeted yield as a result of proper time of application and splitting of N fertilizers in doses. Best timing to apply N fertilizer is the period of rapid crop uptake in order to minimize N losses from the field. Water efficient irrigation methods, such as drip and sprinkler irrigation, assist to reduce deep percolation, which results to nitrates pollution of shallow aquifers. The recomended amount of N for the main crops is lower in comparison to the quantities which farmers apply.
